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THE HYDRODYNAMICS OF UNDERWATER JET PROPULSICN.

Force measurements have been made for a range of ncse shapes under
conditions of open-cavity flow using a new semnsitive balance that was con-
structed for the Free-Surface Water Tunnel. The cperation of this balance
has been highly satisfactory and the accuracy appears to be limited on.lﬁr by
the steadiness of the. operating conditions in the tunnel. It has been possible
to carry out the measurements at a-wide range of cavitation parameters
such that our present data overlaps that of Reichardt at the Kaiser Wilhélm
Institute on the low end and that of the High-Speed Water Tunnel at this
Laboratory on the high end.

The drag coefficients for the first set of these new measurements in
the Free-Surface Water Tunnel are plotted in Fig. i. The final results will
include additional runs on some of the s,hapes_-as,w_ell as check points that
are being obtained during three-component measurements on another pro-
gram. The data were taken on model sizes ranging from 0.500 in. to 1.414~
in. diameter for the disk and 1.414 in. to 2. 828 in. diameter for the sharper
cone,fant_fi for a velocity range of 12 to 25 fps. These experiments show
rema.rkabie consistency and a clese check with theory for some of the shg:pes
but there are several disi:l_'epancies with the approximate cavity-drag theory.
of Plesset and Shaffer, whiéh utilizes two-»dimensrional. pressure §istribu-
tions as approxim.ations to those_.~for three -dime-nsional shapes.

fn_ the case of the cup nose, it is prdbable that reasonable finite dezpths .,
will give a sufficiently close approximation to the "stagnation cup'' having
full dynamic-pressure across the bottom. For __su'ch a stagnation cup, the
drag coefficient is given by 7

Cp = 1 (1 +K)
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..and it is noted that the cup iested checks this result. The cavity flow about
a two*idifnénsion-ql cup-shaped lamina is now being calculated to shed more
light on the poséibility of using the measured dfag on an approximation to
‘the stagration cup as a calibration experiment for tunnels and tow Vin.g facu-
:.itie.s. The drag and pressure Vdi‘st'ribution over the botiom of cups of

various depths are being measure:d for comparison.”

-=.. The two-dimensional pressure distribution approximation is appar~"

e

éntly very exact for the blunt shapes. Extrapolaticn of the experimental

data to obtain-the drag coefficient at zero cavitation number shows no

fféigpiﬁca’nt discrepancy in the case of the cup and the check with the calcu-

lation of Plesset and Shaffer-is also veryclose for the disk.  ¥or flow

-i'«.\b.btii:;s};ar—ply-pointea..co‘nes, _ho;n;ever‘;- the appfbx‘imatipn is evidentlv in
efr_oi' .ax:‘id reasons -fdf-the de‘;iatic;n'a;re- _‘beiing scught from 'thepify'; AAstudy
‘of three-dimensional conical flow {noncavitating) has indicated a possible
reason for the errcr and predicts its direction correctiy, but qqa'r_f_it'_ifa:_t‘iiré“
results have not been realizable.

‘Another deviation-from accepted theory is the definite difference of -

Eh'é'. slope of the experimental-curve from the lifie given by

The deviation tecomes greater as the cone angle is decreased. This re-
sult;has sb-faf received no satisfactprfyj explanation, although a similar
trend of .smallermagn‘itﬁdg exists _in'.thé two-dimen's_iona} theéry. '.‘1-‘1:3
possibility of using a -s‘;endél_'—.bodywt-_h_eo:y such as L.ait'one.fs for a cavity
flow is Beinﬁ\investigat'éd in the hepe of,g’xpl-.aiiiin:g scme o.£ these phe~
no"r.ne_na.. The work on:cavity theory is being carried on in close coopera-
ticn_ﬁéﬁh—PéQ{e;ssbf M- 5. Plesset of this Laboratory, and Mr. A. H.

Armstrong of the Armament Research Estabiishment at Fort Halstead in

ﬁ;ngland..
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